The propagation of the light beam through the composite lattice formed of two structurally different one-dimensional nonlinear photonic lattices was analyzed numerically. The properties of light propagation through nonlinear and linear composite lattices were compared too. Depending on the position of the input beam, the value of the transverse kick and nonlinearity strength different regimes of light propagation through nonlinear composite lattices such as transmission, partial reflection and capturing of light was identified.
Introduction
Photonic lattices (PL) are optical systems of weakly coupled waveguide (WG) arrays which are suitable for manipulation and control of light propagation. Their periodic modulation of the refractive index enables the existence of the appropriate band -gap frequency spectrum which defines the light propagation [1] . The band -gap frequency spectrum and the light propagation can be redefined by the presence of structural defects which can enable the formation of defect modes [2 -5] . Different features can be seen as structural defects: an interface between two lattices, a WG whose width differs from other WGs in the array or the separation between two WGs in the array different than the separation between other WGs. Structural defects are widely analyzed not only in PLs, but also in other settings, such as e-biology [6] and solid state physics [7] .
In this work, we have numerically analyzed the dynamics of the light beam propagating through the composite PL consisting of two structurally different nonlinear one-dimensional (1D) lattices. The interface of two lattices is marked as a geometric defect (GD). Varying the input parameters, different dynamical regimes have been identified including full transparency, blockade of light propagation by reflection from GD, as well as trapping of the light on the GD.
The paper is organized in the following way. The mathematical model of wave propagation through the system is formulated in Section 2. Numerical results are presented in Section 3. In Section 4, the conclusions have been briefly summarized.
Model equations
Light propagation through the nonlinear composite PL consisting of two structurally different sub -lattices, marked as A and B is analyzed numerically (see Figure 1 ). Parameters ω gA and ω gB (Figure 1 ) represent the width of the WGs in sub-lattices A and B, respectively, whereas S gA and S gB represents the distance between corresponding neighbouring WGs. Red colour shows the GD which consists of two WGs (the first WG in lattice A and the first WG in lattice B) and the interface between two lattices.
Light propagation, through the system presented in Figure 1 Where E pv is the photovoltaic field, r is electro-optic coefficient, I d is dark irradiance. Dark irradiance is the parameter of the material proportional to the number of thermally generated photons in non-lighted material. In order to model the equation (1) In the following, the relative nonlinearity strength is Γ = γ / γ 0 with γ 0 = 0.0001 ≈ n 0 3 E pv r / 2. The light propagation is numerically simulated by the split-step Fourier method [8] .
Results and discussion
The model we have analyzed is experimentally feasible [9] and in this regard one uses selective copper or iron doped lithium -niobat, 20 mm long sample. In our system WGs are 5 µm and 4 µm wide in the lattices A and B, respectively. The distance between WGs is 4 µm and has the same value in both lattices. The width of the interface (the distance between the lattices) is 3.3 µm. A FWHM of the initial Gaussian beam is 4.3 µm.
The changeable parameters in our study are the position of the input beam, its transverse kick and the strength of nonlinearity. The transverse kick is the inclination of the beam to the axis of the WG propagation. A structural difference of two lattices causes the asymmetry of the potentials of lattices. The light propagation through the linear composite lattice (a linear case in the following) has already been analyzed [10] . Here we compare the light propagation through the linear and nonlinear composite lattice (the last is noted as a nonlinear case in the following).
Firstly, we have performed a simulation with light launched into the 1 st WG in the lattice A. One can observe that light is captured into the WG where it is initiated (Figures 2a and 2b) . Smaller values than 1.35 of the nonlinearity strength give weaker capturing, and by increasing the nonlinearity strength it becomes more efficient until it reaches the optimum value of 1.35. Above that value, capturing is weaker again. This behaviour is common for lithium -niobat and other materials with saturable nonlinearity, and is presented in Figures 2a and  2b . These Figures differ by the nonlinearity strength Γ.
In Figure 2a , nonlinearity strength is 1.35, while in Figure 2b , it is 5. Nonlinearity strength Γ = 1.35 is taken because it gives the best capturing results, while Γ = 5 is taken randomly and it shows what happens with its higher values. Due to the higher potential of lattice B, the light launched into the first WG in lattice A is confined. On the left side of the GD, there is no restriction of such kind and a small amount of energy can be seen, in the breathing form, at the first neighbouring WG on the left side of the GD.
By comparing the nonlinear case (see Figures 2a  and 2b ) with the linear one (see Figure 2 . c) it can be concluded that the nonlinearity is a dominant effect that keeps the light located at the position where it is launched. When light is initiated into the 1 st WG in lattice A, part of the energy diffracts through the same lattice. A small part of the energy is captured at the 1 st WG in lattice B and there is a certain amount of diffracted energy through lattice B, as well.
Figures 2d and 2e show the light launched into the 1 st WG in lattice B for different nonlinearity, Г = 1.35 and Г = 5, respectively. Because of the asymmetric lattices potentials of lattices A and B and higher potential of lattice B, the light propagates through the 1 st WG in lattice B (i. e. it is captured there) when light is launched into it (see Figure  2d ). In Figure 2d light is captured at the 1st WG in lattice B while some part of the energy is located at the 1 st WG in lattice A and also covers the interface of the lattices. For a higher value of the nonlinearity strength (Г = 5), light uniformly covers both WGs (1 st in lattice A and 1st in lattice B) around the interface and the interface also (see Figure  2 . e). In the linear case (Figure 2f ) light is dominantly captured at the 1 st WG in lattice B because of higher potential in lattice B and the absence of nonlinearity. Linearity also enables the part of energy which is not captured to diffract through lattice B.
When light is launched into the 2 nd WG in lattice A, it gets captured at the initial position and at the certain point of its propagation it starts to travel through the 1 st WG in lattice A (see Figure 3a and 3b) . The reason for this behaviour might be a mutual influence of nonlinearity and the deformed lattice potential. Deformed lattice potential is caused by joining two structurally different lattices which possess two different potentials. Figures  3a and 3b correspond to Г = 1.35 and Г = 5, respectively. In the linear case ( Figure 3c ) the light is reflected from the interface, and after reflection it continues to travel through lattice A.
When the light is launched into the 2 nd WG in lattice B (Figures 3d and 3e) due to the nonlinearity which overcomes the influence of deformed potential in the vicinity of GD, the light is captured at the position where it is started. By comparing Figure 3d and Figure 3e which differ only by nonlinearity strength, it is evident that capturing is better for Г = 1.35. In the linear case, when light is launched into any of the WGs, light tends to diffract. But when the light is We wonder how nonlinear interface affects a transversely kicked light beam. We obtained the transmission of light for transverse kick (see Figures 4a and 4b ). There is no difference whether the light is launched in lattice A and the kick is directed towards lattice B, or the light is launched in lattice B and the kick is directed towards lattice A (see Figures 4a and 4b) . It is also possible to obtain partial reflection (mixed with transmission) for transverse kick, of (Figures 4c and 4d) . 
Conclusion
In this paper we investigated the influence of a geometric defect formed at the junction between two different nonlinear lattices on the light propagation through the lattice system. The influence of different strength of nonlinearity on the light beam propagation was analyzed and the results were compared with the results obtained for the linear composite photonic lattice, as well. Depending on the initial beam parameters, i. e. its initial position and transverse kick, different regimes of the light propagation were identified, such as: capturing of light, transmission, partial reflection and transmission. These findings may be useful in terms of switching, tunnelling and filtering of the light beam.
